There are numerous derivatives, often on the same underlying firms, in the financial markets. However, little is known about the interactions between different types of derivatives. In this paper, we show that the inception of credit derivatives, represented by credit default swaps (CDS), makes the equity options on the same underlying firm more expensive. The expensiveness of option due to CDS trading is not completely driven by the increased riskiness of the firm as we obtain the same result after accounting for the underlying stock price movements using the delta-hedged equity option returns. The effect of CDS trading is more pronounced for call options than put options. The findings are consistent with the "limited intermediation capacity" view that dealers charge higher option premiums when they also need to allocate resources for CDS market making. 
Introduction
The derivatives market plays an important role in today's financial world. Financial intermediaries allocate substantial resources as dealers and market makers for various types of derivatives.
Moreover, the derivatives market is becoming increasingly complex. Given the many options on the same underlying firm, a recent addition to the derivatives market is credit default swaps (CDS).
The CDS market has grown rapidly in the last two decades and stands as a multi-trillion dollar over-the-counter business.
1 Although CDS and options are both derivatives, they have distinct characteristics and are traded in different market segments. In this paper, we examine whether the inception of over-thecounter CDS trading has any impact on the exchange-traded option market especially with respect to option pricing.
Financial firms deploy substantial capital and manpower for the trading and risk management of derivatives. Option trading is human capital intensive, even arguably more so for credit derivatives trading. Unlike exchange-traded options where both institutional and retail demand and supply forces are present, CDS trading is almost purely institutional. CDS trading may crowd out the available human and financial capital for option trading. Philippon and Reshef (2013) examine the skill intensity, job complexity and high pay for finance employees over the past century. They find that "workers in finance earn the same education-adjusted wages as other workers until 1990, but by 2006 the premium is 50% on average." Notably, the period of high financial pay coincides with the growth of the credit derivatives market. Market-making for derivatives, especially credit derivatives, has become more burdensome after the recent crisis and post the Dodd-Frank Act. Many banks are subject to heavier capital charge and exit the complex derivatives market.
If derivatives are redundant securities and their prices are only determined by the underlying asset dynamics, then we do not expect any effect from CDS trading on option prices. However, it is well accepted that derivatives can often have real effects and alter the dynamics of the underlying asset value. In such case, the trading of CDS may exert material impact on option prices. For example, Subrahmanyam, Tang, and Wang (2014) show that firms' default risk increases after CDS trading. Consequently, the option value can be higher as the option price is positively related to the underlying risk. Moreover, there could be competition between CDS and option in terms of liquidity provision. When dealers have capacity constraints for making derivatives market, the allocation of resources to CDS trading may reduce their ability to profit from options (given the same information advantages). In such case, dealers may charge higher option premiums and cause lower delta-hedged option returns. On the other hand, option prices may also go down if now dealers use CDS to hedge their exposures in the option positions.
Additionally, Kapadia and Pu (2012) show that CDS and stock prices often move independently, implying that CDS have no impact on stock and options. Ultimately, the effect of CDS trading on option prices remains an empirical question.
Traders' performance is often evaluated based on risk-adjusted return on capital. Banks may impose combined limits on derivatives positions, either at the asset class level or individual name level (or trading desk risk limit). If a bank coordinates the trading book of all trading activities, it is possible that there will be some implicit limit at the individual name level. For example, when a single-name CDS trader takes over a $500 million book, the option trader may be allocated less, especially if the CDS trading is more profitable than option trading (both for raw returns and for risk-adjusted return on capital). Also, dealers may need to manage the inventory risk for both CDS and options simultaneously. In this sense, CDS and options can compete for market making resources. 2 Using CDS and option data from 1996 to 2012 covering 798 CDS firms, we find that option prices increase after the inception of CDS trading on the same underlying firm. This finding is statistically significant and economically meaningful. In the univariate comparison, option premium (proxied by delta-hedged option return) 3 increases (decreases) by 0.409% after CDS trading, compared to non-CDS options. If the CDS and equity option markets are segmented, then there would be no effect from the trading of CDS on option prices.
We next examine whether the effect of CDS on option pricing is through their impact on firm fundamentals. We find that, firms indeed become riskier, i.e., with higher realized volatility, after CDS trading. However, the delta-hedged option return, which is the option price adjusted by firm fundamentals and the realized volatility, is lower after CDS trading. This result is robust to various controls for firm characteristics and market conditions. Following Saretto and Tookes (2013) and Subrahmanyam, Tang, and Wang (2014) , we further account for the selection of firms into CDS trading. The findings from propensity score matching and the Heckman selection model are qualitatively similar to our baseline results.
We explore several channels and mechanisms for the effect of CDS on option prices. First, informed trading may now take place in the CDS market instead of the option market. Therefore, option market makers not only need to charge higher premium, but also lower the bid-ask spread.
We expect the information story to be relevant for both call and put options, probably even more so for the latter. But we find that the results concentrate on call options rather than put options.
Second, CDS are more similar to put options than call options, which implies that CDS are relatively more effective substitutes for put options than call options. If the market is in net demand for insurance, then CDS can alleviate some of the demand pressure for put options (and should not negatively impact put option prices). 4 Indeed, we find that there is no effect on put option prices in an event study around CDS introductions. The result that the impact of CDS on call options is stronger suggests that the CDS firms have more upside volatility after CDS trading.
Investors intending to trade CDS may acquire information on the reference firm.
Consequently, there could be more information for option pricing. If information quality is improved, then option prices should be lower. Vanden (2009) shows that information quality affects option prices. On the contrary, if option traders solely rely on information from CDS price and stop collecting information from other data sources, information quality may actually reduce.
Moreover, the firm may disclose more information after CDS trading (e.g., Kim et al. (2014) ).
Batta, Qiu, and Yu (2014) find that information quality is higher after CDS trading as analysts make more accurate forecasts, resulting in lower option bid-ask spreads. The introduction of CDS enlarges the set of trading strategies insiders can follow. This can make it more difficult for market makers to interpret the information content of trades and reduce market efficiency. Informed traders may trade in multiple marketplaces. When the various derivatives markets are channeled through the same dealers, then the dealers are exposed to greater potential information disadvantage. Therefore, dealers may want to protect themselves by charging higher option premium (while keeping bid-ask spreads narrow).
Oehmke and Zawadowski (2014) argue that CDS can concentrate the trading for various types of securities into one marketplace. In their analysis, they compare CDS with corporate bonds.
Our study makes similar arguments when comparing CDS with options. Prior studies have also examined the effect of CDS trading on bond market (Das, Kalimipalli, and Nayak (2014) ) and equity market (Boehmer, Chava, and Tookes (2014) ). Carr and Wu (2009) identify the linkage between CDS and put options but do not consider the possibility that CDS may affect option prices.
(Our finding shows that their analysis on put options is immune to such consideration but not for call options, implying that CDS trading will affect put-call parity.)
This study adds to the option return literature through examining the linkages between different types of derivatives. Consistent with Cao and Han (2013) , there seem to be constraints on the capacity of financial intermediaries in making market for derivatives. Derivatives are under scrutiny during the implementation of the Dodd Frank Act. In particular, CDS clearing is required to go through central counterparties. Central clearing may attenuate the pressure on financial intermediaries. Therefore, post Dodd-Frank, the effect of CDS on option pricing may be weaker.
The rest of the paper is organized as follows. Data and sample construction are provided in Section 2. Section 3 reports the main results on option pricing. Section 4 addresses the endogeneity concern of CDS introduction. Section 5 discusses potential explanations. Section 6 concludes.
Data and measures

Data
We collect the data from the stock, equity option and CDS markets. The data process for the option market follows Cao and Han (2013) . We obtain data on U.S. individual stock options from
OptionMetrics from January 1996 to December 2012. We drop the options whose maturity is longer than that of the majority of options. The average moneyness of the selected options is 1, with a standard deviation of only 0.05. The time to maturity ranges from 47 to 52 calendar days across different months, with an average of 50 days. These short-term options are the most actively traded, have the smallest bid-ask spread and provide the most reliable pricing information.
The CDS data comes from GFI Group, which is a leading CDS market interdealer broker.
The sample covers all intra-day quotes and trades on North American single names from GFI's trading platform between January 1, 1997 and April 30, 2009. Due to the over-the-counter market structure and lack of central clearing, there is no comprehensive data source for CDS transactions.
To guard against data representation concerns, we compare the data aggregated from firm level to market survey summary results from ISDA and OCC who collect data from their member dealers/banks. The ISDA survey is conducted semiannually with dealers all over the world. The OCC report is released quarterly containing information from American commercial banks regulated by OCC. Overall, trading activity recorded in our sample correlates well with the ISDA data.
There are 798 North American firms with CDS inception during the 1997-2009 sample periods in our merged database. The CDS firms in our sample are quite diverse in the industry distribution. We mainly focus on the changes in the delta-hedged option returns upon the onset of CDS trading around the first day of CDS trading.
Delta-hedged option returns
If options can be perfectly replicated by the underlying stock (e.g., under the Black-Scholes model), delta-hedged option is riskless and should earn zero return on average. Cao and Han (2013) find that the delta-hedged individual stock option return is negative on average, which implies that individual option is overvalued relative to the underlying stock if Black-Scholes model holds.
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We measure delta-hedged call option return following Cao and Han (2013) . We first define the delta-hedged option gain, which is the change in the value of a self-financing portfolio consisting of a long call position, hedged by a short position in the underlying stock so that the portfolio is not sensitive to stock price movement, with the net investment earning risk-free rate.
Following Bakshi and Kapadia (2003a) and Cao and Han (2013) , we define the delta-hedged gain for a call option portfolio over a period
where is the call option price, ∆ = / is the delta of the call option, is the risk-free rate.
The empirical analysis uses a discretized version of (1). Specifically, consider a portfolio of a call option that is hedged discretely times over a period [ , + ], where the hedge is rebalanced at each of the dates (where we define 0 = , = + ).
The discrete delta-hedged call option gain is
where ∆ , is the delta of the call option on date , is the annualized risk-free rate on date , is the number of calendar days between and +1 . The definition for the delta-hedged put option gain is the same as (2), except with put option price and delta replacing call option price and delta. We define delta-hedged call option return as delta-hedged option gain scaled by the absolute value of the securities involved (i.e. ∆ * -).
5 Bakshi and Kapadia (2003a and 2003b) find similar results of negative delta-hedged gain, and explain it as evidence of a negative price of volatility risk under stochastic volatility model. Muravyev (2014) argues in paper appendix that "delta-neutral option returns are a better way to measure aggregate option risk premium than raw option returns or changes in implied volatility in a sufficiently large sample. Raw option returns contain risk premiums from both the option and stock markets." Merton (1973) shows that option price is homogeneous of degree one in the stock price and the strike price. Hence for a fixed moneyness, the option price scales with the price of the underlying stock. We also scale the delta-hedged option gains by the price of the underlying stocks such that they are comparable across stocks. have an average annualized volatility of 0.478, and the VOL deviation ( ( / )) is around −0.1, which shows that, on average, the implied volatility is greater than the realized volatility.
Empirical results
Summary statistics
The put-call ratio is less than 0.5, which implies that investors prefer to trade in call options and this finding is consistent with the option volume to stock volume ratio in Panel A and B. The average Amihud (2002) illiquidity measure is around -6.6 and the natural logarithm of the market capital is 7.4.
Appendix Table A1 reports the year by year number of new CDS firms, with a total 798
North American firms with CDS inception during the 1997-2009 sample periods in our merged database.
The impact of CDS presence on option pricing: uni-variate tests
The first empirical approach is to compare the average delta-hedged option returns (option relative mispricing) for firms with and without CDS. Cao and Han (2013) 
Option pricing and CDS trading: cross-sectional analysis
We then conduct Fama-MacBeth type regressions on how CDS trades affect the crosssection of delta-hedged option returns. Specifically, we run the following regression:
where is a dummy that equals 1 if the option observation is associated with CDS presence, and 0 otherwise. is the standard deviation of daily stock returns over the previous month. VOL_deviation is the log difference between −1 and −1 , where IV is the implied volatility of corresponding option. Stock characteristics include ( ), (−1,0) , (−12,−2) and ( ). ( ) is the natural logarithm of the book-to-market ratio. (−1,0) is the stock return in the prior month.
(−12,−2) is the cumulative stock return from the prior 2 nd through 12 th month. is the average of the daily Amihud (2002) illiquidity measure over the previous month.
is measured as the option open interest to stock volume ratio. Option transaction cost is measured as the quoted option bid-ask spread, which is the ratio of bid-ask spread of option quotes over the mid-point of bid and ask quotes at the beginning of the period. Model 2-5 report the regression coefficients of after controlling for other factors including the volatility, stock price characteristics and option demand pressure. The negative relationship between CDS trades and cross-section of delta-hedged option returns are robust and consistent across the different models, suggesting that the CDS trading does make options more expensive.
Merton (1973) shows that the option price is homogeneous of degree one in the stock price and the strike price. Hence for a fixed moneyness, the option price scales with the price of the underlying stock. We also scale delta-hedged option gains by the prices of the underlying stocks so that they are comparable across stocks. We also use the delta-hedged gain till month end as another alternative measures. Table 4 reports the coefficients from monthly Fama-MacBeth cross-sectional regressions based on a set dependent variables. Panel A shows the estimates for call options while Panel B
shows that for put options. Model 1 is using the delta-hedged return (which is defined as deltahedged gain divided by Δ * − or − Δ * ) until maturity, and Model 2 is using the deltahedged return until month end as their dependent variables, respectively. The coefficients on are both significantly negative at 1% level, and the magnitude is larger for Model 1, because the average of the days to maturity is around one and half month.
Model 3 and 4 use the delta-hedged gain divided by the stock price until maturity and month end as the dependent variable, respectively. Both coefficients are significantly negative with t-statistics of around 3. The magnitudes are smaller because usually the denominator is larger for the stock price than the delta-hedged portfolio at last month end. The above mentioned empirical results suggest that our finding is robust for differently scaled delta-hedged gain and different testing time periods.
Further robustness checks
Under the Black-Scholes model, the option can be replicated by trading the underlying stock and risk-free bond. When volatility is stochastic and volatility risk is priced, the mean of delta-hedged option gain would be different from zero, reflecting the volatility risk premium.
Hence the negative delta-hedged option return is also consistent with the negative volatility risk premium explanation (see Coval and Shumway (2001 ), and Bakshi and Kapadia (2003a and 2003b ). Therefore, it is possible that we actually test the impact of CDS on volatility risk premium, rather than on the option mispricing. Table 5 The coefficients of are significantly negative, which implies that after CDS is introduced, the variance risk premium becomes even more negative. The results are consistent with our previous finding using the scaled delta-hedged option gains: the options become relatively more expensive after the introduction of CDS trading.
Control for Endogeneity of CDS introduction
Placebo test
In order to ensure that our findings are not driven by other factors but the introduction of CDS trading, we run a Placebo test to examine the robustness of our previous findings. We define a new variable, − , which equals to 1 if CDS is introduced in the next 36 months, and 0 otherwise. We re-run the Fama-MacBeth Regression including the new variable − : Table 6 reports the monthly Fama-MacBeth regression coefficients where delta-hedged option until maturity scaled by (Δ*S-C) or (P-Δ*S) at the beginning of the period is used as the dependent variable. The coefficients of − are all insignificant except in Model 2. This suggests that our findings are indeed not driven by other factors.
Control for endogeneity of CDS introduction
The presence of endogeneity, if any, will prevent us from concluding that CDS trading has an effect on option pricing. To use an appropriate model for selection of CDS trading on firms is an important endogeneity concern. To explore this issue, we will employ the Heckman two-stage selection model to examine the relations among option price and CDS trades. Following
Subrahmanyam, Tang, and Wang (2014) and Saretto and Tookes (2013) , which have similar endogeneity issues in the specification of their CDS selection models, we adjust the selectivity concern of the previous cross-section empirical results.
Following Subrahmanyam, Tang, and Wang (2014) and Saretto and Tookes (2013), we keep the data from 1996 until the first months of CDS trading firms and all the other observations for non-CDS firms to estimate the inverse mills ratio of the introduction of CDS trading. We apply the Probit regression with the following settings: the dependent variable equals to one after the CDS firms start the trading of CDS and zero otherwise. The control variables are the same as Subrahmanyam, Tang, and Wang (2014) . The industry effect and time effect are also controlled.
The results suggest that the large, high leverage, tangibility, and high credit quality firms are more likely to have CDS trading.
Then we use the first-stage model to calculate the inverse mills ratio (IMR) of the introduction of CDS for all observations including all the CDS firms and non-CDS firms. After obtaining the inverse mills ratio, we run the empirical model as below to test the robustness of our findings after controlling for the endogeneity: Table 7 reports the coefficients of the Fama-MacBeth Regression of option delta-hedged return until maturity. The coefficients of ( ) are still negative significant at 1% level after controlling for the selection bias (inverse mills ratio), with a very high t-statistic in absolute value, which suggests that the relationship between CDS trading and option delta-hedged return is very robust after controlling for endogeneity. All the other coefficients of other control variables are consistent with the findings in Table 3 .
Difference-in-difference (DID) test
There is a concern that the event study results in subsection 3.3 could be due to the evolution of market trend. To address this concern, we further conduct a difference in difference (DID) analysis around the CDS introduction using a matched sample to test the robustness. First of all, we match the sample by the nearest implied probabilities method at the month that CDS is introduced, and then keep the both treatment group and control group (matching sample) deltahedged return 12 months before and after the CDS introduction event. Next we run the following empirical model:
where * is a dummy that equals 1 if the option is associated CDS and it is after CDS is introduced, otherwise 0. Table 8 reports the monthly panel data regression coefficients of option delta-hedged gain until maturity scaled by (Δ*S-C) or (P-Δ*S) during time period [-12, 12] for the matching sample. The coefficients of * are the DID test statistics, which are consistently negative and significant. The findings in DID analysis provides further evidence that the CDS trading makes option more expensive.
Potential Explanations
Does broker-dealer's leverage affect the CDS impacts on option pricing?
We further investigate that whether broker-dealers' leverage will affect the CDS's impacts on option price or not. Adrian, Etula, and Muir (2014) define the leverage factor, which captures the seasonally adjusted changes in log leverage of security broker-dealers using quarterly Flow of Funds data. We define that month is within ℎ period when the quarter's leverage factor is above the median at time , and otherwise within period. Next we test the following regression for ℎ periods and periods respectively: Table 9A reports the monthly Fama-MacBeth regression coefficients of the call option delta-hedged return until maturity (i.e. delta hedged gain until maturity scaled by (Δ * − ) or ( − Δ * ) at the beginning of the period) for ℎ periods and periods respectively. The third column reports the difference between the two coefficients of is -0.207, with a tstatistic -2.151 at 5% significant level. The empirical evidence suggests that the delta-hedged option returns are even lower during the ℎ period. In other word, though in all periods, the options become more expensive after the inception of CDS, the effects are not the same for different broker-dealer's leverages. When the leverage factor becomes higher (lower), which is, the broker-dealer's leverage becomes greater (smaller) in the quarter, the options become more expensive (cheaper). This finding is consistent with our hypothesis that option dealers charge higher option premiums due to limited intermediaries capacity. We also conduct the robustness check using the funding illiquidity measures (Golez, Jackwerth and Slavutskaya (2016) ) and find consistent evidence (Table 9B) to support the limited intermediaries capacity hypothesis.
Call vs Put
We further investigate that whether the CDS's impacts on option price are the different for Call and Put options. Figure 1 demonstrates the time series of the average monthly delta-hedged option returns till maturity before and after the CDS introduction for call and put options, respectively.
The time series is adjusted for the time trend. From these two plots, we find that on average the monthly delta hedged returns are negative for both call and put. The trend for call option is way stronger before and after the CDS inception than the put option, which suggests the CDS impacts' on options are different for call and put options; particularly, the impacts are stronger for call options. The findings are consistent with the story that the substitution between put options and CDS might dilute the demand for put options to protect the downside. Figure 2 plots the time-series of the monthly put-call ratio for 18-month before and 18-month after the month of CDS introduction (t=0). Put-call ratio is the number of put contracts divided by the sum of the put and call contracts in Pan and Poteshman (2006) at the end of each month. The time series is adjusted for the time trend and re-based on time 0 level. The put-call ratio decreases therefore the volume for call options increases more than the volume for put options, which supports the substitution effect between put option and CDS.
Impact of CDS on option liquidity
Impact of CDS on option bid-ask spread
In this subsection, we would like to test the impact of CDS trading on the daily average option relative bid ask spread of the current month, which is a measure of information asymmetry. The relative bid ask spread is defined as the quoted bid ask spread divided by the mid-point of the bid and ask prices. We follow Grundy, Lim, and Verwijmeren (2012) and Lin and Lu (2014) , performing the following empirical models to test the impact of CDS trading on the relative bid ask spread: ℎ is defined as institutional holdings divided by the total number of shares outstanding in the previous quarter. is the current month stock return. And the time, firm and industry fixed effect are controlled. Table 10 reports the coefficients of the panel data regression of the option relative bid ask spread at the beginning of the period. The coefficients of are significantly negative (tstatistic=-20.54 in Model 1), which provides empirical evidence that the information asymmetry is mitigated after the CDS is introduced. Given the average magnitude of the relative bid ask spread is 21.5%, the relative bid ask spread decreases by 11.6%.
Impact of CDS on option volume
The introduction of CDS trading may affect the option liquidity and demand pressure. In this subsection, we further examine the option liquidity using four different volume measures: and consistent empirical evidences that CDS trading has a positive effect on the option liquidity.
And the same results are found in the put options data sample.
Conclusion
This paper documents that the inception of credit derivatives, represented by credit default swaps (CDS), makes the equity options on the same underlying firm more expensive. This finding is statistically significant and economically meaningful. In the univariate comparison, the option premium (delta-hedged option return) increases (decreases) by 0.409% after CDS trading, compared to non-CDS options. If the CDS and equity option markets are segmented, there should be no effect from the trading of CDS on option prices. We have also shown that our findings are not driven by firm fundamentals. The delta-hedged option returns, which are option prices adjusted by firm fundamentals, are lower after CDS trading. This result is robust to various controls for firm characteristics, market conditions, and sample selection bias.
We explore several channels and mechanisms through which CDS impact option prices.
For both call and put options, limited intermediation capacity gives a coherent explanation for the higher option premium. We find consistent evidence that in quarters where the broker-dealer's leverage is greater (smaller), options are more expensive (cheaper). We also find that the relationship is stronger for call options than put options, which also agrees with the substitution story between CDS and put options. In line with the hypothesis of improved information quality brought by CDS, we find that option bid-ask spreads are lower after CDS trading. On the other hand, it is possible that the introduction of CDS enlarges the set of trading strategies insiders can follow which leads to greater difficulties for market makers in interpreting the information content of trades and thus reduced market efficiency. In addition, informed traders may trade in multiple marketplaces. When various derivatives markets are channeled through the same dealer, then the dealer is exposed to a severe information disadvantage. Therefore, dealers who find themselves in such situation may protect themselves by charging higher option premiums while keeping bidask spreads narrow.
Our study shows that the capacity of financial intermediaries has strong impact on securities pricing. In our case, the introduction of a new derivative security, CDS, makes the other, existing derivative (option) more expensive. This finding also adds to the growing literature on the various effects of CDS trading on stocks and bonds. Hence, combining all evidence presents a complete picture of CDS influence in financial markets.
Appendix: Variable Definitions
Option Variables
Delta-hedged option return Delta-hedged gain, as in Bakshi and Kapadia (2003), defined as the change (over the next month or until option maturity) in the value of a portfolio consisting of one contract of long option position and a proper amount of the underlying stock, re-hedged daily so that the portfolio is not sensitive to stock price movement. As in Cao and Han (2013), the call option delta-hedged gain is scaled by (∆*S-C), where ∆ is the Black-Scholes option delta, S is the underlying stock price, and C is the price of call option. The put option deltahedged gain is scaled by (P-∆*S), where P is the price of put option.
Implied volatility
The Black-Scholes option implied volatility at the end of last month.
Delta
The Black-Scholes option delta at the end of last month.
Moneyness
The ratio of stock price over option strike price at the end of last month.
Days to maturity The total number of calendar days till the option expiration at the end of last month.
Option bid-ask spread The ratio of bid-ask spread of option quotes over the mid-point of bid and ask quotes at the end of last month.
Option open interest
The total number of option contracts that are open at the end of last month.
Option volume
The total number of option contracts traded during the previous month.
Op_skew
The empirical skewness of daily option raw return within a month.
CDS Variables
CDS A dummy that equals 1 if the option observation is associated CDS, otherwise 0.
Pre-CDS A dummy that equals to 1 if the CDS is introduced within next 36 months, otherwise 0.
Stock Variables
Ln(ME) The natural logarithm of the market capital at the end of last month.
VOL
Annualized standard deviation of daily stock returns over the previous month.
VOL_deviation
Volatility mispricing, as in Goyal and Saretto (2009), calculated as the log difference between realized volatility and Black-Scholes implied volatility for at-the-money options at the end of last month.
Ln(BM)
The natural logarithm of book equity for the fiscal year-end in a calendar year divided by market equity at the end of December of that year, as in Fama and French (1992) .
RET(-1,0)
The stock return in the prior month RET(-12,-2) The cumulative stock return from the prior 2 nd through 12 th month.
Illiquidity
The average of the daily Amihud (2002) illiquidity measure over the previous month.
Volatility risk premium
The difference between the square root of realized variance estimated from intra-daily stock returns over the previous month and the square root of a model free estimate of the risk-neutral expected variance implied from stock options at the end of the month.
Stock volume
Total stock trading volume over previous month.
Analyst coverage
The number of the analysts covering the underlying stock at last month.
Analyst dispersion
The standard deviation of annual earnings-per-share forecasts scaled by the absolute value of the average outstanding forecast at last month.
Institutional ownership
The percentage of common stocks owned by institutions in the previous quarter. At the end of each month, we extract from the Ivy DB database of Optionmetrics one call and one put on each optionable stock. The selected options are approximately at-the-money with a common maturity of about one and a half month. We exclude the following option observations: (1) moneyness is lower than 0.8 or higher than 1.2; (2) option price violates obvious no-arbitrage option bounds; (3) reported option trading volume is zero; (4) option bid quote is zero or mid-point of bid and ask quotes is less than $1/8; (5) the underlying stock paid a dividend during the remaining life of the option. Deltahedged gain is the change in the value of a portfolio consisting of one contract of long option position and a proper amount of the underlying stock, rehedged daily so that the portfolio is not sensitive to stock price movement. The call option delta-hedged gain is scaled by (∆*S-C), where ∆ is the BlackScholes option delta, S is the underlying stock price, and C is the price of call option. The put option delta-hedged gain is scaled by (P-∆*S), where P is the price of call option. The pooled data has 265,369 observations for delta-hedged call returns and 247,632 observations for delta-hedged put returns. Days to maturity is the total number of calendar days till the option expiration. Moneyness is the ratio of stock price over option strike price. Moneyness and days to maturity are measured at the end of each month. Option bid-ask spread is the ratio of bid-ask spread of option quotes over the mid-point of bid and ask quotes at the end of last month. All volatility measures are annualized. Total volatility (VOL) is the standard deviation of daily stock returns over the previous month. VOL_deviation is the log difference between VOLt-1 and IVt-1. Put-call ratio is the number of put contracts divided by the sum of the put and call contracts in Pan and Poteshman (2006) at the end of each month. Illiquidity is the average of the daily Amihud (2002) illiquidity measure over the previous month. Ln(ME) is the natural logarithm of the market capital at the last month end. Ln(BM) is the natural logarithm of the book-to-market ratio. 
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Table 2: Delta-Hedged Option Returns and CDS Presence across Size Quintiles
This table reports the impact of CDS presence on delta-hedged option returns (%) after controlling for the size effect. The sample period is 1996-2012. At the end of each month, we extract from the Ivy DB database of Optionmetrics one call and one put on each optionable stock. The selected options are approximately at-the-money with a common maturity of about one and a half month. Delta-hedged gain is the change in the value of a portfolio consisting of one contract of long option position and a proper amount of the underlying stock, re-hedged daily so that the portfolio is not sensitive to stock price movement. The call option delta-hedged gain is scaled by (∆*S-C), where ∆ is the Black-Scholes option delta, S is the underlying stock price, and C is the price of call option. The put option delta-hedged gain is scaled by (P-∆*S), where P is the price of call option. Column A includes option observations which never have the associated CDS; Column B includes option observations whose underlying firms have CDS during our sample period; Column C includes option observations only after the first associated CDS is launched.
Call Put This table reports the monthly Fama-MacBeth regression coefficients of call option return (%): delta-hedged gain until maturity scaled by (Δ*S-C) at the beginning of the period. CDS is a dummy that equals 1 if the option observation is associated CDS, otherwise 0. Ln(ME) is the natural logarithm of the market capital at the last month end. All volatility measures are annualized. Total volatility (VOL) is the standard deviation of daily stock returns over the previous month. VOL_deviation is the log difference between VOLt-1 and IVt-1. Ln(BM) is the natural logarithm of the book-to-market ratio. Ret (-1, 0) is the stock return in the prior month. Ret (-12, -2) is the cumulative stock return from the prior 2 nd through 12 th month. Illiquidity is the average of the daily Amihud (2002) illiquidity measure over the previous month. Option bid-ask spread is the ratio of bid-ask spread of option quotes over the mid-point of bid and ask quotes at the end of last month. Volatility risk premium (VRP) is the difference between the square root of realized variance estimated from intra-daily stock returns over the previous month and the square root of a model free estimate of the risk-neutral expected variance implied from stock options at the end of the month. All independent variables are winsorized each month at the 1% level. The sample period is from January 1996 to December 2012. Robust Newey-West (1987) t-stat is reported in the brackets. Only Call option is reported in Table 3 (2) scaled by (∆ * S -C) for call, or scaled by (P -∆ * S) for put. In the second model, delta-hedged option positions are held for one month rather than till option maturity. The third model uses delta-hedged option gain till maturity defined in Equation (2) scaled by the stock price. In the fourth model, delta-hedged option positions are held for one month rather than till stock maturity. All independent variables are the same as defined in Table 3 , and winsorized each month at 1% level. The sample period is from January 1996 to October 2009. To adjust for serial correlation, robust Newey-West (1987) This table reports the monthly Fama-MacBeth regression coefficients of variance risk premium for call options at the beginning of the period. CDS is a dummy that equals 1 if the option observation is associated CDS, otherwise 0. Ln(ME) is the natural logarithm of the market capital at the last month end. Ln(BM) is the natural logarithm of the book-to-market ratio. Ret (-1, 0) is the stock return in the prior month. Ret (-12, -2) is the cumulative stock return from the prior 2 nd through 12 th month. Illiquidity is the average of the daily Amihud (2002) illiquidity measure over the previous month. Option bid-ask spread is the ratio of bid-ask spread of option quotes over the mid-point of bid and ask quotes at the end of last month. All independent variables are winsorized each month at the 1% level. The sample period is from January 1996 to December 2012. Robust Newey-West (1987) t-stat is reported in the brackets. This table reports the monthly Fama-MacBeth regression coefficients of call option return (%): delta-hedged gain until maturity scaled by (Δ*S-C) at the beginning of the period. Pre-CDS is a dummy that equals to 1 if the CDS is introduced within next 36 months, and otherwise 0. CDS is a dummy that equals 1 if the option observation is associated CDS, otherwise 0. Ln(ME) is the natural logarithm of the market capital at the last month end. All volatility measures are annualized. Total volatility (VOL) is the standard deviation of daily stock returns over the previous month. VOL_deviation is the log difference between VOLt-1 and IVt-1. Ln(BM) is the natural logarithm of the book-to-market ratio. Ret (-1, 0) is the stock return in the prior month. Ret (-12, -2) is the cumulative stock return from the prior 2 nd through 12 th month. Illiquidity is the average of the daily Amihud (2002) illiquidity measure over the previous month. Option bid-ask spread is the ratio of bid-ask spread of option quotes over the mid-point of bid and ask quotes at the end of last month. All independent variables are winsorized each month at the 1% level. The sample period is from January 1996 to December 2012. Robust Newey-West (1987) t-stat is reported in the brackets. This table reports the logistic regression coefficients of the probabilities of CDS trading (Panel A) and the monthly Fama-MacBeth regression coefficients of call option return (%) (Panel B). Ln(Assets) is the quarterly logarithm of the firm's total assets. Leverage is the ratio of book debt to the sum of book debt and market equity. ROA is the quarterly firm's return on assets. r it−1 − mt−1 is the firm's excess return over the past year. Total volatility (VOL) is the standard deviation of daily stock returns over the previous month. PPENT/Total Asset is the quarterly ratio of property, plant and equipment to total assets. EBIT/Total Asset is the quarterly ratio of earnings before interest and tax to total assets. Sales/Total Asset is the quarterly ratio of total sales to the total assets. WCAP/Total Asset is the quarterly ratio of the working capital to total assets. RE/Total Asset is the quarterly ratio of retained earnings to total assets. CAPX/Total Asset is the quarterly ratio of capital expenditure to total assets. Rated is a dummy variable which equals 1 if the firm is rated and otherwise 0. The call option return (%) is the delta-hedged gain until maturity scaled by (Δ * S-C) at the beginning of the period. CDS is a dummy that equals 1 if the option observation is associated CDS, otherwise 0. IMR is the inverse mills ratio based on the first stage regression (Panel A) as in Subrahmanyam, Tang, and Wang (2014) . Ln(ME) is the natural logarithm of the market capital at the last month end. All volatility measures are annualized. VOL_deviation is the log difference between VOLt-1 and IVt-1. Ln(BM) is the natural logarithm of the book-to-market ratio. Ret (-1, 0) is the stock return in the prior month. Ret (-12, -2) is the cumulative stock return from the prior 2 nd through 12 th month. Illiquidity is the average of the daily Amihud (2002) illiquidity measure over the previous month. Option bid-ask spread is the ratio of bid-ask spread of option quotes over the mid-point of bid and ask quotes at the end of last month. All independent variables are winsorized each month at the 1% level. The sample period is from January 1996 to December 2012. Robust z-stat (Robust NeweyWest (1987) [-12, 12] for the matching sample. We match the sample at the month that CDS is introduced, and keep the both treatment group and control group (matching sample) deltahedged return 12 months before and after the CDS introduction event. CDS * After is a dummy that equals 1 if the option is associated CDS and it is after CDS is introduced, otherwise 0. Ln(ME) is the natural logarithm of the market capital at the last month end. All volatility measures are annualized. Total volatility (VOL) is the standard deviation of daily stock returns over the previous month. VOL_deviation is the log difference between VOLt-1 and IVt-1. Ln(BM) is the natural logarithm of the book-to-market ratio. Ret (-1, 0) is the stock return in the prior month. Ret (-12, -2) is the cumulative stock return from the prior 2 nd through 12 th month. Illiquidity is the average of the daily Amihud (2002) illiquidity measure over the previous month. Option bid-ask spread is the ratio of bid-ask spread of option quotes over the mid-point of bid and ask quotes at the end of last month. All independent variables are winsorized each month at the 1% level. The sample period is from January 1996 to December 2012. Firm and time fixed effects are controlled. Robust t-stat is reported in the brackets. (2014)) is above (below) the median of full sample period. CDS is a dummy that equals 1 if the option observation is associated CDS, otherwise 0. Ln(ME) is the natural logarithm of the market capital at the last month end. All volatility measures are annualized. Total volatility (VOL) is the standard deviation of daily stock returns over the previous month. VOL_deviation is the log difference between VOLt-1 and IVt-1. Ln(BM) is the natural logarithm of the book-to-market ratio. Ret (-1, 0) is the stock return in the prior month. Ret (-12, -2) is the cumulative stock return from the prior 2 nd through 12 th month. Illiquidity is the average of the daily Amihud (2002) illiquidity measure over the previous month. Option bid-ask spread is the ratio of bid-ask spread of option quotes over the mid-point of bid and ask quotes at the end of last month. All independent variables are winsorized each month at the 1% level. The sample period is from January 1996 to December 2012. Robust Newey-West (1987) t-stat is reported in the brackets. (Golez, Jackwerth and Slavutskaya (2016) ) is below (above) the median of full sample period. CDS is a dummy that equals 1 if the option observation is associated CDS, otherwise 0. Ln(ME) is the natural logarithm of the market capital at the last month end. All volatility measures are annualized. Total volatility (VOL) is the standard deviation of daily stock returns over the previous month. VOL_deviation is the log difference between VOLt-1 and IVt-1. Ln(BM) is the natural logarithm of the book-to-market ratio. Ret (-1, 0) is the stock return in the prior month. Ret (-12, -2) is the cumulative stock return from the prior 2 nd through 12 th month. Illiquidity is the average of the daily Amihud (2002) illiquidity measure over the previous month. Option bid-ask spread is the ratio of bid-ask spread of option quotes over the mid-point of bid and ask quotes at the end of last month. All independent variables are winsorized each month at the 1% level. The sample period is from January 1996 to December 2012. Robust Newey-West (1987) This table reports the monthly panel data regression coefficients of call option return (%): delta-hedged gain until maturity scaled by (Δ*S-C) at the beginning of the period. "Big Bang" equals to 1 if the date is after April 2009, otherwise 0. CDS is a dummy that equals 1 if the option observation is associated CDS, otherwise 0. Ln(ME) is the natural logarithm of the market capital at the last month end. All volatility measures are annualized. Total volatility (VOL) is the standard deviation of daily stock returns over the previous month. VOL_deviation is the log difference between VOLt-1 and IVt-1. Ln(BM) is the natural logarithm of the book-to-market ratio. Ret (-1, 0) is the stock return in the prior month. Ret (-12, -2) is the cumulative stock return from the prior 2 nd through 12 th month. Illiquidity is the average of the daily Amihud (2002) illiquidity measure over the previous month. Option bid-ask spread is the ratio of bid-ask spread of option quotes over the mid-point of bid and ask quotes at the end of last month. All independent variables are winsorized each month at the 1% level. The sample period is from January 1996 to December 2012. Firm and time fixed effects are controlled. Robust t-stat is reported in the brackets. Only call option results are reported in Model 1 & 2. CDS is a dummy that equals 1 if the option observation is associated CDS, otherwise 0. Moneyness and days to maturity are measured at the end of last month. Days to maturity is the total number of calendar days till the option expiration. Ln(ME) is the natural logarithm of the market capital at the last month end. Ln(BM) is the natural logarithm of the book-to-market ratio. Ln(Price) is the natural logarithm of the stock price at the last month end. Ret(-1,0) is the stock return in the prior month. All volatility measures are annualized. Total volatility (VOL) is the standard deviation of daily stock returns over the previous month. Institutional Ownership is defined as institutional holdings divided by the total number of shares outstanding in the previous quarter. is the empirical skewness of daily option raw return of current month. Market Return is current month S&P 500 return. Ret (0,1) is the current month stock return. Time, firm and industry fixed effect are controlled. All independent variables are winsorized each month at the 1% level. Firm, time, and industry fixed effects are controlled. The sample period is from January 1996 to December 2012. Robust t-stat is reported in the brackets. Only Call option results are reported. and Ln(Open Interest / Stock Volume). CDS is a dummy that equals 1 if the option observation is associated CDS, otherwise 0. Ln(ME) is the natural logarithm of the market capital at the last month end. Option bid-ask spread is the ratio of bid-ask spread of option quotes over the mid-point of bid and ask quotes at the end of last month. Implied Volatility is the implied volatility of the option at the last month end. Delta is the delta of the option at the last month end. Analyst coverage is the number of the analysts covering the underlying stock at last month. Analyst Dispersion is the analyst dispersion scaled by the absolute mean estimate at the end of last month. Institutional Ownership is defined as institutional holdings divided by the total number of shares outstanding in the previous quarter. Time, firm and industry fixed effect are controlled. All independent variables are winsorized each month at the 1% level. Firm, time, and industry fixed effects are controlled. The sample period is from January 1996 to December 2012. Robust t-stat is reported in the brackets. Only Call option results are reported. This figure plots the time-series of the monthly put-call ratio for 18-month before and 18-month after the month of CDS introduction (t=0). Put-call ratio is the number of put contracts divided by the sum of the put and call contracts in Pan and Poteshman (2006) at the end of each month. The time series is adjusted by the time trend and re-based on time 0 level. Table A1 reports the coverage of underlying stocks with options in our sample and the numbers of the CDS introduction for each year. We further report the percentage of the stocks with CDS within all the optionable stocks universe. The sample period is 1996-2012. At the end of each month, we extract from the Ivy DB database of Optionmetrics one call and one put on each optionable stock. The selected options are approximately at-the-money with a common maturity of about one and a half month. We exclude the following option observations: (1) moneyness is lower than 0.8 or higher than 1.2; (2) option price violates obvious no-arbitrage option bounds; (3) reported option trading volume is zero; (4) option bid quote is zero or mid-point of bid and ask quotes is less than $1/8; (5) the underlying stock paid a dividend during the remaining life of the option. 
